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(57) ABSTRACT

An airborne surveillance platform supporting optoelectronic
and electronic sensors, including level sensors, 1s automati-
cally stabilized 1n a horizontal plane by varying the length of
two tethers out of three. Error signals from the level sensors
are transmitted over a wireless link to control components on
a rotating platform on the host vehicle, which automatically
vary the length of tethers. Applications include images of the
surrounding terrain generated by a video camera and a ther-
mal 1mager 1n military, police and civil emergency opera-
tions.

6 Claims, 4 Drawing Sheets
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AIRBORNE, TETHERED, REMOTELY
STABILIZED SURVEILLANCE PLATFORM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of provisional patent
application Ser. No. 61/269,000 filed on 19 Jun. 2009, by the

present mnventor.

FEDERALLY SPONSORED RESEARCH

Not applicable
SEQUENCE LISTING
Not applicable
BACKGROUND
1. Field

This application relates to airborne surveillance platforms.

2. Prior Art

There 1s a need for airborne platforms supporting elec-
tronic and optoelectronic sensors for gathering meteorologi-
cal data and for transmitting images of the surrounding terrain
in military, police and civil emergency applications

Crosby describes 1n U.S. Pat. No. 2,433,344 an acronautic
positioning device that automatically stabilizes a balloon, and
airplane or a helicopter 1n a desired position above the earth,
irrespective of wind and atmospheric conditions. The aerial
vehicle supports a radio antenna of meteorological equip-
ment. However, the positioning device 1s not suitable for
maintaining a surveillance platform in a horizontal position
since 1t relies solely on the acrodynamics of the supporting
vehicle to meet this requirement. In order to ensure the sta-
bility of the image transmitted from a video camera or a
thermal 1mager mounted on a platform, the latter has to
remain horizontal or inclined at a fixed angle with respect to
the horizontal plane.

Peterson teaches 1n U.S. Pat. No. 5,115,997 how an aero-
dynamic device helps to maintain a surveillance balloon
clevation when exposed to high-velocity winds. The balloon
1s equipped with stabilizing fins and therefore always faces
the prevailing wind. It supports a sensor pod containing a
video camera and a thermal imager, as well as an azimuth
actuator that allows a limited scan about the lubber line of the
balloon. Consequently; the observation sensors cannot pro-
vide a full-circle view of the surrounding terrain. Further-
more, the sensor suite lacks a vertical control loop that would
ensure a stable 1mage to the operator.

An existing 4.9 m long surveillance balloon supports a
2-axis (pitch and roll), 3-gimbal gyro-stabilized platform
equipped with a video camera and a thermal imager. The
absence of yaw control precludes a full-circle scan of the
surrounding terrain. It has also the disadvantage of being
visible from afar and failing to operate 1n winds over 50 mph.
It requires three technicians for its deployment and retrieval,
and two for 1ts operation. An advanced version of this surveil-
lance system has a 3-axis (pitch, roll and yaw), 3-gimbal
gyro-stabilized platform that ensures a full-circle observation
capability. However, 1t has to be supported by a 15.6 m long
balloon that requires three technicians for its deployment,
operation and retrieval, and a large tlat-bed trailer for trans-
port.

Air surveillance and reconnaissance can also be accom-
plished by unmanned aerial vehicles (UAVs). A typical exist-
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ing fixed-wing UAV has a wing span of 4.2 m and 1s powered
by an electric motor. It 1s equipped with a gyro-stabilized
platform that supports a video camera and a thermal imager.
The UAV 1s launched from an all-terrain vehicle and 1s oper-
ated and recovered by two technicians. Piloting skills are
required for controlling its flight and landing. Several man-
portable rotary-wing and ducted-fan UAVs are being devel-
oped. Their main disadvantage 1s their tendency to drift and
become unstable 1n crosswinds.

Surveillance from a high vantage point can also be
achieved by mounting a video camera, a thermal imager and
radar on a mast. Such an installation 1s presently used on a
light armor reconnaissance vehicle (LAV-RECCE) that sup-
ports a 10-m telescoping mast. This surveillance system has
the tactical disadvantage of operating only when the vehicle 1s
stationary.

SUMMARY

in accordance with one embodiment, a platform attached to
a vertical takeoil UAV, supports on its upper part optoelec-
tronic and electronic sensors, including two level sensors
mounted at an angle. Three tethers are attached to 1ts under-
side at three points that form a triangle. The altitude of the
platform 1s determined by the predetermined length of one
tether, paid out by areel connected to a variable friction clutch
attached to an electric motor. At the predetermined altitude,
the platform 1s stabilized 1n the horizontal plane by automati-
cally adjusting the lengths of the two remaining tethers, until
the outputs from the two level sensors are minimized. This 1s
achieved by means of one servo-loop for each tether, com-
prising a level sensor acting as an error detector and a wireless
link 1n the feedback loop that transmits the error signal to an
amplifier driving a servomotor connected to a reel that con-
trols the tether length. Consequently, the platform 1s remotely
stabilized by reels, clutches, servomotors, amplifiers and
wireless recervers mounted on a rotating platform on a host
vehicle or a ground station.

DRAWINGS
Figures

The figures accompanying this disclosure are summarized
as follows:

FIG. 1 1s a functional schematic of an airborne, tethered,
remotely stabilized surveillance platform.

FIG. 2 1s a configuration schematic of the airborne, teth-
ered, remotely stabilized surveillance platform.

FIG. 3 shows the tethered surveillance platform approxi-
mately 7 m above a stationary light armored vehicle (LAV), in
fair-weather conditions.

FIG. 4 illustrates the tethered surveillance platform
approximately 7 m above a moving LAV.
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DETAILED DESCRIPTION OF THE PR
EMBODIMENT

The functional schematic of airborne surveillance platform
1 1s 1llustrated 1n FIG. 1. Two counter-rotating propellers are
driven by electric motor 1a, which recerves the required
energy Irom an on-board battery or from a power supply inthe
vehicle via the conductive tethers. With clutches 7 disen-
gaged, three tethers A, B and C are paid out by reels 8 until the
platform reaches an altitude determined by the length of
tether C. The reel drives are 120° degrees apart. At this stage,
all three clutches 7 are engaged and the tethers are under
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tension. While the length of tether C remains fixed, the
lengths of tethers A and B are adjusted by means of two
positional servo-loops as follows. First, the error signal from
level sensor 3a 1s transmitted over wireless link 9 to amplifier
5 which drives motor 6 and reel 8, until the length of tether A
1s adjusted so that the error signal 1s minimized and level
sensor 3a 1s horizontal. This sequence of events 1s then
repeated by the servo-loop controlling the length of tether B
and ensuring that the output from level sensor 35 1s mini-
mized. The platform is then horizontal, so that video camera
2a and thermal imager 256, inclined at a fixed angle with
respect to the platform, can scrutinize the ground ahead of the
vehicle, as the altitude of the surveillance platform 1s varied
by shortenming or lengthening tether C. The outputs from video
camera 2a and thermal imager 25 are transmitted over wire-
less link 9 to control and display unit 19 1n the vehicle. The
duration of the leveling operation 1s estimated to be 1n the
millisecond range.

An alternate surveillance operation consists 1 keeping
level sensor 3a horizontal and varying the tilt of level sensor
36 1n known increments transmitted over wireless link 9 and
presented on display 19, by adjusting the length of tether B,
while maintaining the altitude of the platform constant. This
method ensures a linear scan of the terrain ahead of the
vehicle. Concurrently, the magnetic heading of the platform
determined by magnetic compass 13 1s also transmitted over
the wireless link and presented on display 19 in the vehicle.
After completing its mission, the surveillance platform 1s
winched down and stored in its container on the host vehicle.
During this operation, the lift of the rotors maintains the three
tethers under tension.

All altitude and attitude controls for the airborne recon-
naissance vehicle are mounted on rotating platform 10 bear-
ing mdex mark 11, allowing measurement of the angle with
respect to the lubber line of the host vehicle. Platform 10 can
be rotated either manually or by an electrical drive.

The configuration schematic of the airborne surveillance
plattorm 1, which illustrates its main components and
approximate dimensions, 1s shown 1 FIG. 2. Two 0.5-m
rotors are driven by coaxial electric motors 1a and 15. Their
total mass 1s 1.05 kg and their power output 1s 3.2 kW. An
alternate propulsion system could be one 4.0-kW electrical
motor or a 3.1-kW four-stroke rotating cylinder valve engine
driving a coaxial gear head. Video camera 2a 1s mounted on
top of thermal 1imager 26 and their optical axes are parallel.
Level sensor 3b, aligned with the lubber line of the platform,
1s perpendicular to level sensor 3a. Electronic unit 12 contains
a wireless transmitter connected to level sensors 3a and 35,
video camera 2a, thermal imager 26 and an interface with the
conducting tethers or Lithium-Polymer (LL1-Po) batteries.
Digital magnetic compass 13 connected to the wireless trans-
mitter 1s placed on a support remotely from the motors. The
survelllance platform 1s supported by three radial support legs
14, 120° apart, attached to tethers A, B and C. Each leg 1s
equipped with a rare earth magnet 15 1n a steel cup. As the
platiorm 1s pulled down by winch drives 16 installed on
rotating platform 10, magnets 15 lock onto electromagnets 17
ol opposite polanty. Each winch drive 16 includes a reel, an
clectric clutch and a servomotor. Winch drives 16 controlling
the lengths of tethers A and B also include a wireless receiver
and an amplifier. The platform 1s now safely stored for trans-
port 1n container 18 (no lid 1s shown). To start a surveillance
mission, the motors are turned on and the polarity of electro-
magnets 17 1s reversed thereby unlocking support legs 14.
The platform 1s leveled when it reaches the predetermined
altitude, the signals from video camera 2a, thermal imager 256
and digital compass 13 are transmitted and presented in the
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vehicle on control and display unit 19 that includes a wireless
receiver and a video screen. The system operation, including
control of altitude, angular position of rotating platform 10
with respect to the host vehicle lubber line, 1s managed by
control and display unit 19.

FIG. 3 shows the surveillance platform 1 tethered to a
stationary LAV, at an altitude of about 7 m above the vehicle,
in fair-weather conditions. In this case the tethers are close to
being vertical.

FIG. 4 1llustrates surveillance platform 1 tethered to a
moving LAV, at an altitude of about 7 m. In this case the
tethers are deflected from the vertical by crosswinds. Never-
theless, the remote stabilization system continues to function
as previously described and maintains platform 1 1n a hori-
zontal position. Three operational characteristics contribute
to the stability of the platform in the horizontal plane under
these conditions: high degree of immunity of two counter-
rotating rotors to crosswinds, torsional stiffness of three teth-
ers 120° apart under tension and continuous operation of the
two fast-response stabilizing servo-loops.

From the above description the following advantages of the
airborne, tethered, remotely stabilized surveillance platform
become evident:

a) It gives a vehicle commander a bird’s eye view of the

surrounding terrain.

b) System operation 1s simple. Images from the video
camera and the thermal imager, the magnetic heading of
the surveillance platform, the angle between the rotating
platform and the vehicle lubber line are displayed on a
monitor video screen.

¢) It can be 1nstalled on any vehicle or ground station and
can be deployed and retrieved 1n seconds by one opera-
tor.

d) All components required for stabilization are located on
the host vehicle and powered by its electrical system.

¢) Energy to the electrical motor(s) 1s transmitted via the
conductive tethers.

) The system can be used 1n military and police operations,
such as inspecting the inside of a building through a
window or directing traific, at a much lower cost than
using a helicopter.

CONCLUSION

The foregoing has constituted a description of specific
embodiments showing how the invention may be applied and
put to use. These embodiments are only exemplary. The
invention in its broadest and more specific aspects 1s further
described and defined 1n the claims, which now follow.

These claims, and the language used therein, are to be
understood 1n terms of the variants of the invention, which
have been described. They are not to be restricted to such
variants, but are to be read as covering the full scope of the
invention as 1s implicit in the invention and the disclosure that
has been provided herein.

I claim:

1. A system for automatically stabilizing by remote control

an airborne, tethered surveillance platform comprising:

I. a vertical takeofl unmanned aerial vehicle including at
least one electric motor for driving two counter-rotating
propellers, thereby generating an upward lift,

I1. a surveillance platform comprising:

a. a symmetrical platform fixed perpendicularly to the
stator of said at least one electric motor, said sym-
metrical platform comprising:
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b. a digital compass, a video camera and a thermal
imager the optical axis thereof being parallel to the
optical axis of said video camera,

c. first and second level sensors forming an angle 1n a
plane parallel to said platiform,

d. a wireless transmitter providing the means for trans-
mitting the output signals from said digital compass,
said video camera, said infrared viewer, said first level
sensor and said second level sensor,

¢. first, second and third support legs of equal length
being radial with respect to the axis of said atleast one
clectric motor, the extremities of the support legs
being located at the apexes of a triangle 1n a plane
parallel to said symmetrical platform,

f. first, second and third conductive tethers attached
respectively to the extremities;

III. a host vehicle including a power supply that transmits

clectrical energy to said at least one electric motor over
the conductive tethers;

IV. a symmetrical rotating platform mounted atop said host

vehicle, the platform bearing an index mark allowing the
measurement of 1ts angle with respect to the lubber line
of said host vehicle, said symmetrical rotating platform
providing the means for storing the unmanned aerial
vehicle and for controlling the altitude and attitude
thereol comprising:

a. first, second and third radial winch drives, each of the
winch drives including a servomotor for rotating a
clutch connected to a reel on which one conductive
tether 1s wound, the three reels being equidistant from
the center of said symmetrical rotating platform and
located at the apexes of a triangle having the same
configuration, as the triangle defining the extremaities
ol said support legs attached to said symmetrical plat-
form fixed to the stator of the said at least one electric
motor, so that the three conductive tethers remain
under tension and close to parallel, as said unmanned
aerial vehicle rises vertically from said symmetrical
rotating platform,

b. said third winch drive providing the means for varying
the length of the third tether thereby controlling a
predetermined altitude to which said unmanned aerial
vehicle and the attached surveillance platform will
rise,

c. first and second amplifiers located in the first and
second winch drives connected to respective servo-
motors,

d. first and second wireless recervers located in the first
and second winch drives transmitting the signal out-
puts from the first and second level sensors to respec-
tively first and second amplifiers driving respectively
the servomotors 1n the first and second winch drives,
whereby the lengths of the first and second conductive
tethers are adjusted at the predetermined altitude until
the signal outputs from the first and second level sen-
sors are minimized and the airborne platiform 1s auto-
matically stabilized in a horizontal plane;

V. an electronic control and display umit installed 1n the

host vehicle comprising:

a. a video screen,

b. a wireless receiver for receiving the output signals
from the digital compass, the video camera and the
infrared viewer, and electronic means for displaying
said output signals on said video screen,

10

15

20

25

30

35

40

45

50

55

60

65

6

c. an electronic circuit for controlling an electrome-
chanical drive mechanism for turming the rotating
platform with respect to the lubber line of the host
vehicle,

d. an electronic circuit for controlling the third winch
drive and thereby the length of the paid out third
conductive tether that provides the means for deter-
minming the altitude to which the unmanned aerial
vehicle will rise,

whereby the system for automatically stabilizing by
remote control an airborne, tethered surveillance plat-
form provides the means for controlling the altitude to
which the surveillance platform will ascend, and adjust-
ing the lengths of the two other tethers by means of two
positional servo-loops, until achieving minimum error
signals from two level sensors positioned at an angle on
said symmetrical platform, thereby stabilizing said sur-
veillance platform 1n a horizontal plane.

2. The system for automatically stabilizing by remote con-
trol an airborne tethered, surveillance platform as in claim 1,
wherein said at least one electric motor 1s two coaxial electric
motors.

3. The system for automatically stabilizing by remote con-
trol an airborne tethered, surveillance platform as 1 claim 1,
including an electrical control mechanism for attaching the
survelllance platform to the rotating platform and for gener-
ating an 1nitial upward thrust to said surveillance platiorm
during the vertical takeoil of the unmanned aerial vehicle
comprising;

a. a steel cup containing a magnet located on the three

support legs attached to the surveillance platform,

b. an electromagnet of reversible polanty fixated to the
rotating platform close to each of the three reels on
which one conductive tether 1s wound, whereby,
depending on their predetermined polarity, the three
clectromagnets energized by the power supply of the
host vehicle, either attract the three magnets 1n steel cups
and provide the means for attaching the surveillance
platform to the rotating platform, or repel the three mag-
nets 1n steel cups and provide the means for imparting to
the surveillance platform an 1nitial upward thrust,

c. a switching circuit connected to the vehicle power sup-
ply, said switching circuit being located in the control
and display unit providing the means for controlling the
polarity of the three electromagnets.

4. The system for automatically stabilizing by remote con-
trol an airborne tethered, surveillance platform as 1n claim 1,
wherein the three tethers are made of non-conductive material
and a battery installed on the airborne platform provides
energy to said at least one electric motor.

5. The system for automatically stabilizing by remote con-
trol an airborne tethered, surveillance platform as in claim 1,
wherein the three tethers are made of non-conductive material
and a battery installed on the surveillance platform provides
energy to said at least one electric motor that 1s two coaxial
clectric motors.

6. A system for automatically stabilizing by remote control
a tethered, airborne surveillance platform comprising:

I. a vertical takeofl unmanned aerial vehicle including at
least one electric motor for driving two counter-rotating
propellers thereby generating an upward lift,

I1. a surveillance platform comprising:

a. a symmetrical platform fixed perpendicularly to the
stator of said at least one electric motor, said sym-
metrical platform comprising:
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b. a digital compass, a video camera and a thermal
imager the optical axis thereol being parallel to the
optical axis of said video camera,

c. first and second level sensors forming an angle 1n a
plane parallel to said platform,

d. a wireless transmitter providing the means for trans-
mitting the output signals from said digital compass,
said video camera, said infrared viewer, said first level
sensor and said second level sensor,

¢. first, second and third support legs of equal length
being radial with respect to the axis of said at least one
clectric motor, the extremities of the support legs
being located at the apexes of a triangle 1n a plane
parallel to said symmetrical platform,

f. first, second and third conductive tethers attached
respectively to the extremities;

III. a ground station comprising a support structure of
predetermined configuration, and a power supply that
transmits electrical energy to said at least one electric
motor over the conductive tethers;

IV. a symmetrical rotating platform mounted atop said
support structure, the platform bearing an index mark
allowing the measurement of 1ts angle with respect to a
position reference on the support structure, said sym-
metrical rotating platform providing the means for stor-
ing the unmanned aerial vehicle and for controlling the
altitude and attitude thereof comprising;

a. first, second and third radial winch drives, each of the
winch drives including a servomotor for rotating a
clutch connected to a reel on which one conductive
tether 1s wound, the three reels being equidistant from
the center of said symmetrical rotating platform and
located at the apexes of a triangle having the same
configuration as the triangle defining the extremaities
of said support legs attached to said symmetrical plat-
form fixed to the stator of said at least one electric
motor, so that the three conductive tethers remain

10

15

20

25

30

35

8

under tension and close to parallel, as said unmanned
aerial vehicle rises vertically from said symmetrical
rotating platform,

b. said third winch drive providing the means for varying

the length of said third tether thereby controlling a
predetermined altitude to which said unmanned aerial
vehicle and the attached airborne platform will rise,

. first and second amplifiers located in the first and

second winch drives connected to respective servo-
motors,

. first and second wireless receivers located 1n first and

second winch drives transmitting the signal outputs
from the first and second level sensors to respectively
first and second amplifiers driving respectively the
servomotors 1n the first and second winch drives,
whereby the lengths of the first and second conductive
tethers are adjusted at the predetermined altitude until
said signal outputs from the first and second level
sensors are mimmized and the airborne platform 1s
automatically stabilized 1n a horizontal plane;

V. an electronic control and display unit installed in the
host vehicle comprising:
a. a video screen,
b. a wireless receiver for receiving the output signals

from the digital compass, the video camera and the
infrared viewer, and electronic means for displaying
said output signals on said video screen,

. an electronic circuit for controlling an electrome-

chanical drive mechanism for turming the rotating
platform with respect to the support structure,

d. an electronic circuit for controlling the third winch

drive and thereby the length of the paid out third
conductive tether that provides the means for deter-
mimng the altitude to which the unmanned aerial
vehicle will rise.
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